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Numerical Studies on Penetration Integrity of the KNGR Lower Pressure Vessel
in a Severe Accident
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Abstract

Numerical studies are conducted in parallel to experiments on penetration integrity of a
lower pressure vessel in the Korean Next Generation Reactor(KNGR). KNGR-ICI-DRY
experiments were performed two times without external vessel cooling. In this study
experimental results on KNGR-ICI-DRYZ2 case was evaluated numerically using commercial
software FLUENT and in-house code LILAC which has been developed at KAERI for a
multi-dimensional analysis of melt pool in a pressure vessel. Natural convection and
solidification of alumina melt are modeled in the numerical study. And conjugate heat transfer
between the alumina melt and vessel are solved From the numerical results it is found that
ICI nozzle directly contacted with alumina was melted and this melting heat affected heat
transfer to lower vessel wall. The numerical and experimental analysis depict that the
thermal load from 40 kg of alumina used in the KNGR-ICI-DRYZ2 case is not enough for

failure of penetration integrity.
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Fig. 1 Control volume and geometric vectors for discretisation
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Fig. 2 (a) Schematic of penetration tube failure test section. (b) Locations of thermocouples

Thermite ¥F-&ollA 40 kgel AF8t 515 (ALOs)S st BEH d
2 Apdstz Fdstden &7 iR hE2 917Itoldn &7 el MEd 3
Zato] 27| EE °F 100°C7HAl =k Fig. 2(a)v A@EA] MegFmoln (b=

3 A&7k dE e AT A fAE Holgr o] A 8
e w &7 wgelM BERe AAAGE Hrlstes Aoz &8 A5 S
o= desty] st dd 8719 A= Abgtvadle(MgO)e S A= AS-St
o] Agtvlavle dAA= HIAAE S HoluARE 2o wE dd= A7t 1.6~3(W/mK)
2 gor Hd2 1000(J/kgK) A= S zteth

2

aF

4. 443

Y2

4.1 2l 5 (MgO) @ A mx= 4F
A A BEF ARG HrE APS FAHAET] ol ddAm A
2

iiea
2
lo
iied
o
ng

o
>
b
o
M
=
iy
9

of
N
=2
lo,



heffective - hoo + (kMgO/L)

(4)

AZNM  he= &7 AQAU el o ddE Aoy L ddH
o 2 FAe Adsviavle

Fig. 3(a)oll wla - =4 AddS &

Aot} Fig. 3(c)= (a)

T BEXRE Hi &7t

1

57 94

zo %
X
_1
fu
A
AL
e
o
£
1o
rlo

0 0
-/ . . N \ [
-/ /| e ~ . \\ u
|/ 1
0.05 “\ ; // \\ ‘} “\ .0.05 il | Static Temperature
: | / \ | ‘ Static Tt u | 2100
{ | \ |
i O BEE Ll | o
01l / 1 . o01fk
0.1 | \. / | 1520.87 01F | 1800
i ~_ Al ‘ 1427.35 i | 1700
015 | \ T | 1333.82 oisk | 1600
-0. | e I 12403 A5 1500
H‘ 1146.77 0 1400
/| 1053.25 i 1300
>-0.2 i 959.722  >-0.2~ 1200
866.196 a S A 1100
/ 772.671 B 1000
-0.25 B / 679.145 -0.25 = 900
B / 585.62 N 800
- ‘/ 492,095 N 700
0.3F / 398.569 0.3 1\7 [ 600
N - -+ ] R - 500
- [ B B E— — 400
-0.35 |- e Ry -0.35 X\/
o4k 11 I T 0.4kl o [ - L1
0.1 0 0.1 0.2 -0.1 0 0.1 0.2 0.3
X X
(a) (b)
0 - ~
[ — | T N\
.0.05 / AN Static Temperature
05 \
-/ \ 2100
| 2100 | 2000
o1k // 1900
N - - Yy, 1800
[ 1 ~ 1700
- L 1600
0.15F 1500
B 1400
B 1300
>-0.2 1 1200
- 1100
B 1000
-0.25 - B 900
B 800
B 700
0.3 - - 600
- I 500
2 I | 400
035F [
N D
04k 1 -
C 0.4 ! L 5ho ! ! !
( ) -0.1 0 0.1 0.2 0.3

Fig. 3 Effect of thermal insulation material(MgO) on transient heat transfer. (a), (b)
Thickness effect of insulation material. (c) Side boundaries are treated by the effective

conductivity of MgO.
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Fig. 4 (a) Computational domain and boundary conditions for a thermal analysis. (b)

Magnified view around a ICI nozzle
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Fig. 5 Calculated results using FLUENT, (a) temperature contours, (b) liquid fraction

contours
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Fig. 6 Comparison of temperature-time histories between experimental data and FLUENT

results, T/C13 is 160mm, T/C14 145mm, T/C15 125mm, T/C16 2mm from the bottom wall
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(a) (b)
Fig. 7 Calculated results using LILAC code. (a) liquid fraction contours on left side and
temperature contours on right side at 100 sec. (b) Velocity vectors and liquid fraction
contours at 1000 sec.
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Fig. 8 Comparison of temperature-time histories between experimental data and LILAC
results, T/C13 is 160mm, T/C14 145mm, T/C15 125mm, T/C16 2mm from the bottom wall
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Fig. 9 Heat flux variation on time. The calculated heat flux is at the T/C 13 point, and heat
flux from the experimental data is obtained by differencing temperatures at T/C 13 and T/C
14
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Fig. 10 Heat flux variation on time. The calculated heat flux is at the T/C 14 point, and

heat flux from the experimental data is obtained by differencing temperatures at T/C 14 and
T/C 15
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Fig. 11 Heat flux variation on time. The calculated heat flux is at the T/C 15 point, and
heat flux from the experimental data is obtained by differencing temperatures at T/C 15 and
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